CHAPTER II1

DESIGN OF CRYOSTAT ASSEMBLY (see Drwg MICE-0000)

IIIQI. Helium Vessel

Engineering Drawing for 4.2K vessel is shown in Appendix II-1-1.

The vessel will be made of 4" thick 6061T6 aluminum half eylinder halves as shown
in Drwg MICE-C002. It will be welded with full penetration weld between two
halves. At both end, it will be welded with ¥4"x'4" 4043 Al weld.

The helium vessel is designed with 45 psi pressure rating. The rupture disc pressure is
set at 32 psig to 35 psig. The relief pressure will be 29 psig or lower.

The helium vessel is designed to satisfy pressure vessel code. It will be tested to

pressure vessel code. The pressure vessel code design calculation is shown in Table
HI-1-1.

The total liquid helium volume is 200 liters.

The complete helium vessel component drawing is shown in Drwg MICE-C0000,
The helium vessel will be insulated with 15 layers of superinsulation.

ITI-2. Design of Conduction-Cooled Thermal Shield

Engineering Drawing for 60K shield system is shown in Appendix IIf-2-1.

The thermal shield assembly is shown in Drwg MICE-6000. The 70K shield will be

- made of 6061T6. It is estimated that the shield will be operated at 60K with two
coolers.

The shield is cooled by conduction from the first stage of cryocooler, It will be made
of 6061T6. Thickness of the shield is sized so that the (hottest) maximum
temperature of shield does not exceed 30K.

(A) The outer cylinder

The OD of the shield will be 45 @. Tt will be made of 0.188” thick 6061T6 Al. The
length will be 103.117. The engineering drawing is shown in Drwg MICE-6100.
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{B) The inner ¢ylinder shield

The OD of the inner shield will be 18.228” OD. It is made of rolled and welded
6061T6 aluminum plate with a thickness of 3/16”. The length will be 103.11”.

(C) The end disc shield

‘ The disc will have an 1.D. of 18.228”, an OD of 44.625”, and a thickness of 0.188”.
III-3. Vacuum Vessel and its support assembly

Engineering Drawing for 300K vacuum vessel is shown in Appendix II-3-1.

The vacuum vessel will be made of 304SS. The non-magnetic vessel will be tested to
satisfy the ASME pressure vessel code to sustain a pressure rating of 1 atmosphere
pressure. Engineering Drawing for magnet support system is shown in Appendix IIf-
3-2. The support system will be made of 304SS.

IT-4. Design of Neck Tube for Cryogen Feed and Quench Vent

From instrument wire support (G-10), all instrumentation wires will be routed
upwards through a G-10 tube, employing 0.005 Cu Ni wire Teflon insulated. These
wires will be ended to a multiple pin feedthru at the top of helium neck tube.

Drwg MICE-C009 shows the 38.1mm OD neck tube with 36.32mm ID. The OD is
machined to 36.82 mm to cut down solid conduction to 4.2 K and to 64 K. It is made

. from 1.5 OD x 0.035" wall 304LSS seamless tube.

At bottom of the neck tube we install precool nozzle (Drwg MICE-C010) and precool
line (Drwg MICE-C011) to allow cooldown evenly along the length.

At top the neck tube, we install bellow to take care thermal contraction. In addition a
rupture disc, a relief valve and a transfer line quick connect/ disconnect are installed.
There are one 38 mm diameter neck tubes with thermal intercept to the first stage of
the cooler. The intercept will be keep below 70K.

PRESSURE RATING AND PRESSURE RELIEF

The neck tube is part of helium vessel. Thus, the design internal working pressure is
44)psig and the design external working pressure must be 15 psig. The relief valve

/"which is attached to the neck-tube is set at 29 psig or lower. The rupture disc pressure

is set between 32 psig and 44 Bsig. The rupture disc is connected to the bottom of the
neck tube. . AL {‘Hé o\ ok 79 . o clog %

The neck tubes are also served as quench vent. The neck tubes must be designed to
satisfy ASME pressure vessel code.
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III-5. Cold Shippable Cold Mass Support Design

Engineering Design Drawings for cold mass support are shown in Appendix I-11-1.
The 4.2K cold mass will be supported with a low heat leak, proprietary designed
unidirectional fiberglass laminate. The suspension system will be configured so that
it provides rotational restraint. As shown in Figure 1-2, the support strength will be

- such that the dynamic shipping g-load will be satisfied (ie. up 1g, down 3g, transverse
2.5g). Therefore, the system is cold shippable after the magnet is discharged to zero
field. The proprietary design features includes but not limited to a special angles such
that the cold end when it is cooled down will trace through a path that will neither
increase nor decrease the stress of links. The 60K is suspended in a G-10 rod. The
4.2K cold mass suspension subsystem is shown in Drwg MICE-L-000.

IIT-6. Cryogen Free Cryogenic Design, Hi-Tc Current Leads and Crycooler
Specifications (see Drwg MICE-crycool-001)

The major heat {eak to 4.2K are the power leads (350A, 6 ea and 504, 2 ea), In order
to be cryogen free, Hi-Te leads must be employed. We have developed specifications
for the Hi-Tc leads and the normal leads with vacuum feedthru as shown in

. Table III-6-1. It is seen that the Hi-Tc leads will still have a heat leak of 0.85W to
4.2K. Furthermore, the normal leads will generate 12W per lead or 72W total to the
50-60K thermal shields system.

The detai! heat leak tabulation due to current leads is shown in Table ITI-6-1, Magnet
cryostat contributes 0.495W to 4.2K and 18.4W to thermal shields (50 to 64K). For
each tracker solenoid, two Cryomech 1.5W pulse tube cryocoolers (model PT415) are
proposed to provide cryogen-free refrigeration for the Hi-Tc leads, normal leads, and
cryostat heat leak. The combined refrigeration power will be 3.0W at 4.2K and
120W at 60K.

Each Cryomech Model PT415 will have 1.5W cryocooler capability. The cooler
specification is shown in Table TI[-6-2. PT415 cold head dimensions and PT 415 first
stage and second stage performance are attached for reference.
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W CRYOMECH
N EDUGT PT415

The PT415 is the largest 4K Pulse
" Tube yet!

Cryomech newest 2 stage pulse tube
is designed to provide 1.5 W at 42K
and operates with the CP1010, our
latest line of compressor packages.

The PT415 is available with our
~ standard vibration efimination
options such as remote motor,
bellows assembly, and low vibration

assembly.
5.0 L R e T
Certified Performance 45 12;5‘:Nta -
(50Hz and 60Hz) < (and gse) i ]
2" Stage: 1.5W @ 4.2K R B L=
1% Stage: 40W @ 45K g 2
. o
. E N ’ |
Cool down time to 4.2K: % &5 (‘igtvs\:age)
< 60 min g a0l o
= {1st stage)
CP1010 Compressor S ) 7
(Water cooled only) r;)-’: 25 W o .
Input power: 11kW/ (énd stage) S
20 VI NI I PR T R el 1

30 32 34 36 38 40 42 44 45 48
First stage temperature (K)

PT Warranty: 3 vears or 12,000 hours (whichever comes first) on all parts and materials

CRYOMECH 113 Falso Drive, Syracuse, New York 13211 USA
Ph. 315-455-2555 | Fax. 315-455-2544
www.cryomech.com sales@cryomech.com
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TABLE M1-6-1 |
Hi-Tc LEADS, VACUUM FEEDTHRU, AND NORMAL LEADS
SPECIFICATION

- A. 350A Lead — Hi-Tec (6 ea), Total Heat Leak = 0.25W/ pair at 4.2K and
28W at 60K

A-1 Specification — 500A at 64 K@ OG, 450A at 64 K@ 1000 G parallel field,
475A at 77K @ 100 G perpendicular field. :

A-2 Normal Operation — Hot end at 60K or colder at 1 <350A

A-3 Emergency Operation — Hot end at 80K or colder at I <350A

A-4 Total Heat Leak at 60K at [ =300A 12W x 6="72W

A-5 Total Heat Leak to 4.2K at I=300A .125W x 6= 0.750W

A-6 Vacuum Feed Thru for 350A |

A-7 Normal Leads for 350A

B. 50A Lead — Hi-Tc (2 ea) Total Heat Leak for 2 leads = 0.1W at 4.2K and
15W at 60-70K

B-1 Speoiﬁcation —150A at 64 K@ OG, 135A at 64 K@ 1000 G parallel field
50A at 80K @ 100 G perpendicular field |

B-2 Normal Operation — Hot end at 60K or colder 1< 50A

B-3 Emergency Operation — Hot end at 80K or colder 1< 350A

B-4 Total Heat Leak to 60K at1=50A 3.75W per lead or 7.5W total

B-5 Total Heat Leak to 4.2K at I=50A 0.025W x 2 = 0.05W for 2 leads
B-6 Vacuum Feedthru for 50A

B-7 Normal Leads for 50A



TABLE III-6-2
1.5W CRYOMECH MODEL (PT 415)
PULSE TUBE CRYOCOOLER SPECIFICATION

CRYOCOOLER OUTPUT —

1.5W at 4.2K

45W at 50K (Max. 84 W at 70K, 63W at 55K, or 40W at 45K)

Coldhead weight 25 kg, dimension 186.7 mm D x 389 mm L x 670 mm H)

COMPRESSQOR MODEL CP1010 (WEIGHT 214 KG)
S80Wx610Lx 910 mm H

Power Input — AC 220/ 230V or 460 VAC/ 60Hz, 3 phases
Max. 11.OKW
- Cooling water — flow rate > 11.5 liter/ min @27°C
Accessories — Input power cable 5 m
- Flexible gas line — 20 m

I11-7. Heat leak calenlations of 80k shield
Heat Leak Analyses of 80K Shield
(i.) Heat leak through one neck tubes of the Helium Vessel

The neck tube will be 1.5” OD, a 0.010” wall and a length from 300K to 70K of 8.73
cm

Qu = A/L [0 kdT = [(0.304)/ (8.73)] x 27.12 = 0.944W

(ii.) Heat leak through 300K to 80K Radiation

We compute the 80K surface area A = 149,468 cm”. For 60 layers of superinsulation
in a vacuum gap, X = 2.54 cm, the measured effective thermal conductivity of

superinsulation is: /7

{



(iii.) Heat leak through LN2 cold mass suspension

The magnet coil cryostat 80K shield is suspended by eight S-2 fiberglass links which
have a crosssection of 0.03125 in® (0.2016 cm?) each. The length of the link will be
about 7.62 cm or 3 inches. Since

300 ,
{50 kdT = 0.642 W/ ¢cm?

. 300
we have Q = 8 (A/L) [g0 kdT = 8[(0.2016 x 0.642)}/ 7.62] = 0.136W.

(iv.) The heat intercept (from 300K to 80K) to the shield through the 4.2K coil
cold mass suspension system
The 4.2K cold mass suspensiém system consists of eight supports. Each support

consists of a pair of S-2 glass unidirectional race track which have 0.8 cm x 3.9 ¢cm
crossection of 3,12 cm®. The length of the link is 10.0 cm. Since

IZEDde = 0.642 W/ cm’,
The total heat intercept is:
Sx[(3.12x4) 10]x 0.642=641W
The total sum of steady heat leak to the LN, system is :

T2W + 8W + 1.082W + 10.745W + 0.136W + 6.4W =98.373W

80K shield has a total heat leak of 98.373W without sleeve, or 105.37W with sleeve.
This is to compare total cryocooler capacity of 116W at 64 K.

Each Cryomech 415 pulse tube cooler will have a capacity of 40W at 45K or 58 W ét
64K or 63W at 70K for 1* stage while the second stage producing 1.5W at 4.2K.
IIT1-8. Heat Leak to the 4.2K Coil Helium Vessel

(i.) Heatleak from 80K through the 1.5” diameter with a 0.010” wall

The quench vent neck tube will be 1.5” OD tubes witﬁ 0.010” wall and a length of
37.4 cm from 60K to 4.2K.

The heat leak through the S.8. tube is:

60
Qust = A/L 42 kdT = [(n x 1.5 x 0.010 x 6.452)/ 37.4] x 3.5 W/om = 0.028W



- (ii.) Heat leak through the radiation from 80K to 4.2K

The total surface area of the 4.2K magnet helium vessel is 101436 cm®. The
megsures effective heat transfer through 15 layers of superinsulation is 3.1 x 107 W/
em”. Therefore,
Qr(4.2K)=3.1x 107 x 101,436 = 0.0314W =31.4 mW
(iii.) The heat leak through Hi-Tc leads — 0.85W
(a) Six 300A Hi-Tc leads —0.125W x 6 =0.75W
(b) Two 50A Hi-Tc leads — 0.05W x 2 = 0.10W
(iv.) The heat leak through fifty-five permanently connected instrument wires
We shall have 55 wires for instrumentation leads, between 4.2 K and 300 K. The heat
leak through 55 wires from 300K to 4.2K using 0.005” dia. cupronickel wire of 40 cm
length is 8.25 mW total.
(v.) Heat leak through the cold mass suspension system
The cold mass suspension system is designed for the dynamic shipping loads of the
cold mass. There are a total of eight cold mass supports. Each support consists of a
pair of links with a crossection of 3.12 cm® x 4 or 12.48 cm®. The length of the link
from the 77K intercept to the 4.2K is 30 cm. Since :
80 .
Ja2 kdT = 0.0926 W/em?,

the total heat leak through the eight cold mass suspension system is :

R0
8 x (A/L) [42 kdT = 8 x [(3.12 x 4)/30] x 0.0926 = 0.308W.
Summing up (i) to (v), we have

4.2K Total Sum
=0.028W + 0.0314W + 0.85W -+ 0.00825W + 0.308W = 1.225W (without sleeve)
= 1.436W (with sleeve)



I11-9 Additional heat leak estimation if sleeve tube is used to assemble / disassemble
a pulse tube cryocooler

(i) solid conduction from 300 k to 60 k=3.2W

ASME code calculation shows the tube OD 5.24” will need a wall of 0.020” thick to
support 45 psi, therefore

300
Q=A/L Jp kdt=0.122x28.6=32W

Where A= 7 DT =3.14x 5.87 x 0.020 x 6.425=2.378 cm’
L=7.705x2.54=19.572
(ii) solid conduction from 60 k to 4.2 k= 0.108 W
ASME code calculation shows the tube QD 3.83” will need a wall of 0.015” in thickness
to support 45 psi, therefore
60

Q=AL s kdt=1.164/3048 X 1.98=0.108 W

Where A= 7 DT =3.14x 3.83 x 0.015 x 6.425 = 1.164 cm?
L=836"=8.36x2.54=21.23cm

(ii) gas conduction from 60 k to 4.2 k= 0.103 W (j c) e = z 0

Summary
For two cryocooler with 2 sleeve tube

Additional heat load to 4.2K is (0.108+0.103) x 2=0211W x2=0422W
Additional heat load to 60K 3.5Wx2=T70W

w
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IM-10 Estimation of Required Cryogens For Cooldown

(i.) Calculation of 80K and 4.2K Cold Mass Weight

A. Compute Cold Mass of 80K shield = 500 1b or 250 kg

B. Compute Cold Mass of 4.2K Vessel

1. Aluminum mass : _
Al Coil Bobbin= 883 1b
Al He Shell =428 1b
Al Banding =132 1b
Reinforce Al Cylinder = 200 Ib
Total Al. Mass = 1,643 Ib

2. Coil (Copper/ Superconductor) - 2,931 1b

Subtotal 4.2K .Svstem Weight = 4574 b or 2079 ko

(i) Enthalpy Change of Cold Mass Material per LB

AT (K)
Material 300 - 80K 80 - 4.5K
Aluminum  69.24 BTU/LB 3.8953 BTU/LB
Copper 31.64 BTU/LB 2.756 BTU/LB

(Superconductor Composite)

(iii.) Total Heat Removal From 300K to 80K

(1) Total for 80K System — AL, 69.24 BTU/LB x 550 LB = 38082 BTU

(2) Total for LHe System —

For LHe Vessel System — AL, 69.24 BTU/LB x 1643 LB = 113761 BTU

For Coil - 31.64 BTU/LB x 2931 = 92737 BTU

Therefore, total hear removal from 300K to 80K for LHe system is :

113761 BTU + 92737 BTU = 206498 BTU




(iv.)) To cooldown He can from 300K to 80K, we need to transfer LN2.
Since 20648 BTU/ 365.7 BTU/LB = 565 liters LN?2
(v.) Total Heat Removal from 80K to 4.2K for He Vessel

For He I (4.2K)) System :
Al (weight 7.12 LB) 3.8953 BTU/LB x 1643 LB = 6340 BTU

For 8.C. Coils in He Vessel :
- 2756 BTU/ LB x 2931 LB = 8078 BTU

Subtotal 14418 BTU
(vi.) Estimation of Required LHe for Cooldown from 80K to 4.2K

Again, assume exit gas at 80K, then one LB of liquid helium will remove 189.42
BTU from 80K to 4.2K, then, the required liquid helium is :

14418 BTU/ 189.42 BTU/LB = 76.1 LB, or 9.79 th or 277 liters

- Past experiences show that the exit gas temperature will be at an average temperature
around 40K, one LB of liquid helium will remove 91,34 BTU, then, required helium
will be :

277 % 2.07 =57.3 liters

To fill up the vessels of He, we need an additional 400 liters. Therefore, the required
liquid helium per cooldown is estimated at 1000 liters.

Note: Density of liquid nitrogen is 50.46 LB/ ,th

Density of liquid helium is 7.798 LB/ Ft and 1 FE = 28.317 liters




IHI-11 Design and Calculation of Cold Shippable Requirement for Cold Mass
Suspension (See Fig. III-11-1)
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“ Figure ITI-11-1 Cold Mass Suspension

(A) Design load requirement

Design for Shipping Dynamic Load are: 1g up, 3g down and 2.5g transverse where g
for 4.2K is estimated at 4574 Ib and for 80K mass is estimated at 500 1b.

(B) Cold mass suspension

Engineering design drawing for cold mass support is shown in Appendix IT1-11-1

Cold attachment point coordination (in mm)
Xe=4358 ~ Ye=+300 Ze=4940

‘Warm attachment point coordination (in inches)
Xw =+591 Yw =t641 Zw=+703




8 suspension links restrict cold mass movement in X, Y, Z and X rotate, Y rotate,
Z rotate direction

The tilting angle o (between link and cold attachment point to center of contraction)

to avoid stress or loosed or in links, due to the thermal contraction is illustration in the
following figure

A Cold attachment point

for example
Xe=358 Yc=300
Zc=940

L(Link length)

'Warm attachment point
Center of contraction Lw C for example

X=0,Y=0, Z=0 - Xw=591 Yw=641
Zw=703

Le =+ 3587 +300% + 940° = 1050 mm

Lw=v591%+ 6417 + 7032 = 1120 mm

L = V(358-591)* +(300-641)*+ (940-703% = 475 mm

Cold attachment point moves from A to B due to thermal contraction so a
required tile angle a

ALec=432x 10% x Lc = 4.54 mm

Link contraction: L; =L - L x 1.08 x 10° = 474.487 mm

cos a= (AL’ +L*-L1%)/(2xALcxL)=0.118 o=83.24°
Actual angle of 88° is selected:

cos =L+ -Lw?)/(2xLex1)=0074 o=858

This will assure that links will tighten up after it is cooldown.




ITI-12 Design of liquid helium recondensing system for MICE

I1-12-1 INTRODUCTION: helium vapor from cryostat boiloff is condensed on surfaces
cooled by a cryocooler; and condensed liquid flows back to the magnet. The flow is
driven by gravity so the condenser is positioned above the maximum level of liquid in the
cryostat .

Drwg MICE-CON-000 shows the design of recondenser assembly. Drwg MICE-CON-
001 shows the OFHC recondensing unit. The vacuum tight enclosure is made of 31658
which are shown in Drwg MICE-CON-002 and MICE-CON-003.
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IT1-12-2 Design Formula for condensing surface

Theory of Eckert is used for calculation of condenser area. Heat transfer across
downward-flowing liquid film determines condensation rate. In most cases of interest,
1
- 3 {4
liquid film is laminar, Nu, = | 820 =B [ o 43 Nu,
44k(T, - T,)

Nu,=H,x/k
x = distance from top of condensing surface (m)
Hy = local heat transfer coefficient at x (W/myK)
k= thermal conductivity of liquid (W/mK)

Have = average heat transfer coefficient from x=0 to x=L {(W/m;K)
L =height of condensing surface {m)
g = acceleration of gravity (9.8 m/s;)
. p= density (kg/ms)
hy = enthalpy of vapor (I/kgK)
7= enthalpy of liquid (J/kgK)
= viscosity of liquid (Pa s)
T, = vapor temperature (K)
T = surface temperature (K)

Pressure drop in tube for flow of liquid or vapor

le

AP = f— (Pa)

l

V = average fluid velocity (mm/s)
Jf=friction factor
for laminar flow (Re < 2200) f= 64/Re
for turbulent flow (Re > 2200) f=0.316/(Re)**
Re = Reynolds number = pVDy/u
L = tube length (m)
Dy, = hydraulic diameter (m)
for a tube, Dy, = inner tube diameter (m)
Difference in height between ends of tubes required to balance
friction pressure drop APy = APyg+APy L

APtl:ll i

liquid “head” = /1 (m) = AP /( Pig-Prep)g
( p]iq - pvnp )g
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II1-12-3 — Calculation Results

We assume the maximum case of three PT 415 cryocoolers installed and operating
simultaneously. Piping is sized to accommodate the resulting helium flow. Each
cryocooler has a He condenser bolted to the second stage flange.

Condenser design.

Material: OFHC copper

Helium: saturated vapor at 1.1 bar

Height of condenser fins = 2.0 inch

AT between vapor and plate temperature = 0.05 K

calcu]ated heat transfer coefficient (average over the 2-inch long fin) is 1200

Wim® K

calculated required surface area: 40 sq. inch

construction:
10 slots are cut across a 2.18 inch diameter cylindrical section of copper.
Each slot is 1/8 inch wide and 2 inches deep leaving a copper fin about
0.06 inch wide remaining between each slot. The resulting area exposed
to He vapor is about 68 sq inches. In operation, the AT between vapor and

{in temperature will automatically adjust to accommodate the actual head
load.

The one-piece copper condenser has a flange that bolts directly to the
cryocooler. A 2.5 inch OD stainless steel tube encloses the finned section
and is brazed to the copper just below the flange. This tube forms a
container, closed on the bottom by a stainless-steel plate.

/i-inch stainless steel tubes lead from the main He vapor vent line to the
top of each condenser. Condensed liquid, (which is slightly subcooled
below the saturation temperature of the vapor), drops from the tip of the
fins into a space at the bottom and from this space flows into the Y%-inch
liquid exit tube. Y- inch liquid tubes lead from each condenser to the
common liquid down-tube which carries liquid to the bottom of the
magnet He volume. Liquid level in the down-tube is slightly higher
(about 1.4 inches) than the level of the liquid He surface in the magnet.

Pressure drop:
If it is assumed the each V-inch line is at least 48 inches long, and the
main down tube is at least 3/8-inch OD x 0.035 inch wall x 48 inch long,
with three cryocoolers operating, the total pressure drop due to fluid

friction is about 5.5 Pa requiring at total liquid “head” of only about 1.2
inches.

The tubes will probably be much shorter than 48 inches, so achlevmg the
required “head” will be assured.
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Example calculation of pressure drop: 7 E3
Mass flow rate = 1.5 W/;@.@l Jig=.0737 g/s ’

For vapor tube: W - 5979 9, Lﬂ’ff
Vvap =0.25 m/s; Wz o7 -
2
PV 0.563 Pa; p=17.2 ke/m3, 1= 1.28x10°Pa*s; D=0.18 inch =
0.00457 m
Re =pVD/ pn=16,100 (flow is turbulent); = 0.028;
APIL = ""Z' fDi = 3.45 Pa/m; for 48 inches = 1.22 m, dP = 4.2 Pa
h
Similarly, for liquid tube:
Viig= 0.364 m/s;
2
PV 0.63 Pa; p =123 kg/m3, ;1= 3.12x10° Pa*s; D = 0.18 inch =
0.00457 m
Re =pVD/ 1= 6570 (flow is turbulent); f= 0.035;
AP/L = p;]' f51~ = (.63 Pa/m; for 48 inches = 1.22 m, dP = 0.77 Pa

I
- Note that most of the pressure drop is in the vapor tube.

If we assume a 3/8x 0.035 wall down tube with flow from three
condensers, with length = 48 inches, it’s pressure drop is less than 0.5 Pa
Total pressure loss tubes is about 5.5 Pa

Equivalent liquid helium “head” is h = AP / p g where g = 9.8 m/s
h=4.54 mm%l.ls inches

£t
-~ o7
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I11-13 Instrumentation Design and Feed through for each Tracker

The following Table, IIT-13 A, lists the sensors, location, and wiring from the magnet through
the helium vent. Two feed through connector are used.
Connector J1 is 27 contact, Fischer P/N DEE 105A1

Connector J2 is 11 contact, Fischer P/N DEE104A056

TABLE III-13A
' FEED-
SENSOR SENSOR NO. OF
TYPE DESIGNATION LOCATION WIRES TH[}SE GH
Temperature | TRPO1 Bottom of pre-cool line 4 1,234
PT 100
Temperature | TRX 01 Match Coil #1 4 5,6,7,8
CERNOX TRX 02 End Coil #2 4 _9,10,1 1,12
Helium level | LHE 01 Lower level 7 13,14,15,16,17,
600 mm LHE 02 Upper Level 18,19
FEED-
THROUGH
J102-

VIM 01 End Coil #2, Start 1

VIM 02 End Coil #2 & Center Coil 2
Voltage T VTM 09 Center Coil Tap 9

OAgEe L8P Y TM 03 Center Coil & Coil #1 3

VIM 04 End Coil #1, Finish 9 4

VIM 05 Match Coil #2, Start 5

VTM 06 Match Coil #2, Finish 6

VIM 07 Match Coil #1, Start 7

VTM 08 8

Match Coil #1, Finish




The following table, III-13B, lists the sensors, location, and wiring from the magnet through
the vacuum wall. Two feed through connector are used.
Connector J3 is 11 contact, Fischer P/N DEE104A056
Connector J4 is 40 contact, Fischer P/N DEE 107A52

TABLE 111-13B
NO FEED-
SENSOR SENSOR !
LOCATION OF THROUGH
TYPE DESIGNATION WIRES 102-
VTL 01 Botiom of HTS Lead (IF) 1
VTL 02 Bottom of HTS Lead (H) 2
VTL 03 Bottom of HTS Lead (G) 3
VTL 04 Bottom of HTS Lead (E) 4
Voltage Tap 15771 03 Bottom of HTS Lead (D) 8 I3
VTL 06 Bottom of HIS Lead (C) 6
VTL 07 Bottom of HTS Lead (B) 7
VTL 08 Bottom of HTS Lead (A) 8
FEED-
THROUGH
J03-
Temperature | TRP 02 64 K shield 4 1,2,3,4,
PT 100
Temperature | TRP 03 Cryocooler #1, Stage 2 4 5,6,7 8,
PT 100 TRP 04 Cryocooler #2, Stage 2 4 9,10, 11,12
Temperature | TRP 05 HTC Lead #1, Warm End 4 13, 14, 15, 16,
PT 100 TRP 06 HTC Lead #2, Warm End 4 17, 18,19, 20
Temperature | TRX 03 Cryocooler #1, Stage 1 4 21,22 23 24
CERNOX TRX 04 Cryocooler #2, Stage 1 4 25, 26,27, 28
Temperature | TRP 05 HTC Lead #1, Cold End 4 29, 30, 31, 32
CERNOX TRP 06 HTC Lead #2, Cold End 4 33, 34, 35, 36




I1I-14 Design of sleeve and Installation of eryocooler

Drwg MICE-0001 shows the cryocooler installation with sleeve. The first stage is
indirectly cooled through OFHC cone contact. This might create imperfection in heat
transfer. In additional two sleeves tubes will contribute at least 7.0W heat load to first
stage and 0.422W to the second stage.
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APPENDIX 1lI-1-1
ASME Code Calculation

For MICE Cryostat

K Wang NMR, Inc.

550 North Canyons Parkway , Livermore, Ca. 94551



SUMMARY ON ASME CODE ANALYSIS OF MICE SOLENO]])
CRYOSTAT DESIGN

ASME code for shell stress and end disc.(end plate) are employed to verify the ASME
stress and thickness requirement and then compare with design thickness.

Design internal working stress for He Vessel is 45 psi. Design stress for vacuum vessel is
15 psi.

4.2 K shell thickness and stress were examined for He shell, bobbin tube and He neck
tube. 300 K shell thickness and stress were examined for outer shell and inner bore tube.
In each case, we found our design satisfy ASME code. All designs are very conservative.

Stresses on 4.2 K cylinder plate of bobbin and on 300 K vacuum end plate were also
examined. They also satisfy ASME code with very conservative margin. -

Fault conditions such as quench pressure (45 psi) and vacuum break (15 psi above
atmosphere pressure or 30 psi absolute) as well as required normal operations such as
leak check were also examined. Again, they satisfy ASME code with good safety margin.



SHELL STRESS ANALYSIS
ASME Code Verfication Calculation

For MICE TRACKER MAGNET SYSTEM, LBL
(Bobbin, He Vessel and Vacuum Vessel)

Date: July 7, 2006
I. Design Dimension:(inch) ID oD THICK LENGTH
Bobbin (Al 8061-T6) 19.291 20,236 0.473| 100.160
He Shell (Al 6061-T6) 27.500 28.500 0.500 100,160
End Closure {Al 6061-T6) 19,291 28.500 0.800 100.160
Inner Vessel {304 Stain Steel) 16.787 16.023 0.125 107.680
Quter Vessel (304 Stain Steel) 54.094 55.275 0.625 107.677
End Flange (304 Stain Steel) 16.023 51.732 0.750 107.677
l. Under External Pressure (Leak CKk) {Quench) {(Leak CK) |(Vac. Break)
Outer Vessel Bobbin He Shell |[Inner Vessel
- Material S. §.-304 Al-6061T Al- 6061T S. §5.-304
Shell Thickness (in) { thk ) Awgd 15 0625 0.473 - 0.500 0.125
Length (in) {gh) 107.677 100.160 100.160 107.680
Outside Diameter (in) (oD 55.275 20.236 28.500 +16.023
Dit (D =00/ thk) 88.440 42,782 57.000 128,184
L/D (L=1Igh/00D) 1.948 4.950 3.514 6.720
Factor A (UGO-28.0)** (Uco) 0.00200 0.00340 0.00250 | _-0-00030"
Factor B {UHA-28.1) (UHA) 12000.00 5400.00 5000.00 4300:00
Max. allowable P {psi) * wMar 180.46 167.87 116.67 44.62
*MAP = 1,33 * UHA/ D
Actual Working P (psi} AP 15.00 45.00 15.00 15.00
Circumf. Stress (psi) Cstress= AWP*OD/A/ihk 331.65 481.30 213,75 480.69
Longitud. Stress (psi} Lstress= AWP OD/24hk 663.30 8962.60 427 .50 961.38
lll. Under Internal Pressure (Vac. Break) (Leak Ck) (Quench) | (Leak CK)
Outer Vessel Bobbin He Shell [Inner Vessel
Design Pres. (psi) DPres 15,00 16.00 45.00 15.00
Inside Radius (in) IR 27.047 9.65 13.75 7.89
Stress Limit (psi) SLid 17500.00 10000.00 10000.00 | 17500.00
Joint Efficiency JE 0.70 0.70 0.70 0.70
Thickness Req. (in) ThkR=DPres*/RASLId*JE-0.61 0.033 0.021 0.089 0.010
Actural Design Thick(in) ADThk 0.625 0.473 0.500 0125
Circumf. Stress (psi) Cstress=Dpres*2*R4/ADT] 324.56 152.94 618.75 ,473.64
Longitud. Siress {psi) Lstress=Dpres 2 IR/2/ADTH 649.13 305.88 1237.50 947.28

“*FACTOR A 1S INDEPENDENT OF MATERIAL

Note: Stress Limit=Yield Strength/S.F.=35000/2=17500psi
Ref.. Pressure Vessel Handbook, Eugene F. Megyesy, 1977

MICECRYOHV



SHELL STRESS ANALYSIS

ASME Code Verfication Calculation- He Neck tube

For MICE TRACKER MAGNET SYSTEM

Date: July 7, 2006

l. Design Dimension:(inch) D oD THICK LENGTH
He Neck Tube (304 S §) 0.930 1.000 0.035 20.300
) Nt
ll. Under External Pressure Neck Tube ,| ol .
Material - S.8.-304 | -~ rf

Shell Thickness (in) ( thi ) 0-035 O )0

Length {(in) - (gh) 20.300
Outside Diameter (in) {op) 1.000 [ S
Dit {D =0D / thk) 28.571
L/D {L=Iigh/0OD) 20.300
Factor A (UGO-28.0y* (UGO) 0.00025
Factor B (UHA-28.1) (UHA) 3500.00
Max. allowable P (psi) * wmaP 162.93

*MAP = 1,33 * UHA/ D
Actual Working P (psi) AWP 15.00
Circumf. Stress (psi) Cstress= AWP*OD/d/thk 107.14
Longitud. Stress (psl) Lsiress= AWP-OD/27hk . 214,29
Ill. Under Internal Pressure (Quench)
He Neck Tube

Design Pres. (psi) DPres 45,00
Inside Radius {in) IR 0.930 .
Stress Limit (psi) SLid 17500.00
Joint Efficiency JE 0.70
Thickness Req. {in) ThkR=DPres*IR/{SLtd"JE-0.67 0.003
Actural Design Thick(in) ADThk 0.035
Circumf, Stress (psi) Cstress=Dpres*2*/R/4/ADT] 597.86
Longitud. Stress (psl) Lstress=Dpras 2 TR/2/AD TH 1195.71

*FACTOR A IS INDEPENDENT OF MATERIAL

Note: Stress Limit=Yield Strength/S.F.=35000/2=17500psi
Ref.: Pressure Vessel Handbook, Eugene F. Megyesy, 1977

MICECRYOneck




Cylinder Side Plate
Stress Analysis - ALUMINUM

For MICE TRACKER MAGNET SYSTEM

Date: July 7, 2006

(6061-T6 ALUMINUM FOR BOBBIN )

Pressure Load (psi) (PL)
—this is the design limit

Outer Radius
Offset

(in)
(in)

Outer Radius+offset (in) (ORO)
—outer radius is enlarged

due to offset.

Disk Inner Radius (in (D/R)
Thichness
—this is the thickness

should be in design.

E (AL, 6061T6)

Use Table on P341, Roark to determine coefficients ;

Ri/lRo
Poisson Ratio

(in}

(0

(ps E(al)

(DIR / ORO)

V)

Ky.max {p341 Roark) (Kymax)
Km,rb (case 2h.)

Kag,b

D=Et*3/12(1-vA2)

For the thickness in design, under the pressure indicated,

the disk is having :

Shear

The thickness in the design is adequate,

MICEsideAL

Deflection,max

{in) (Kymax *PL* ORO"4/ D}
Moment (in# per inc (M = Kmrb *PL*ORO"2)
~ {psi)
Max. Stress by Mt. (ps Max Str= (6 * M/ i42)

(Kmrb)
(kqb)

D = Efaljithd *(1 -v"2)/ 12

(kqb *PL*ORO)

End Plate of

45.00

13,76
0.00
13.750

10.118
0.800

1.00E+07

0.74
0.30
-0.0004
-0.0410
0.4240

388266.67

-0.0017
-348.82
262

-3270

Compare the max. stress due to bending to the max. allowable stress

of that material:
18000 ps} for 8.8t
10000 psi for ALE061-T6

Aluminum Bobbin



Cylinder Side Plate- Vacuum Vessel
Stress Analysis - Stainless Steel

For MICE TRACKER MAGNET SYSTEM
: Date: Ju

304 Stainless Steel ' ' End Plate of
) : Vacuum Vessel
Pressure Load {psi) (PL) ' 15.00

—this is the design limit

Outer Radius (in) ‘ 25.87
Offset (in) 0.00
Outer Radius+cffset (in) (ORO) 25.866

~outer radius is enlarged
due to offset.

Disk Inner Radius (in {DIR) B.0115
Thichness {in} (1 0.750
—this is the thickness

should be in design.

E(S. 8t. 3000 (psi E(ss) 2.80E+07
Use Table on P341, Roark to determine coefficients :

Ri/Ro (DIR/ ORO) 0.31
Poisson Ratio v) 0.30
Ky,max (p341 Roark} (Kymax) -0.0006
Km,b (case2h.}-  (Kkmm) -0.0570
Kqg,b {kqh) : 0.5414
D=EtA3/12(1-v2) D = E(sspth3 *(1 w3} /12 895781.25

For the thickness in design, under the pressure indicated,
the disk is having : '

Deflection,max  (in) (Kymax *PL* ORQ*/ D) -0.0045

Moment (in-# per inc (M = Kmrb *PL*ORO"2) -572.04
Shear (psi)  (kgb *PL*ORO) 210
Max. Stress by Mt. (ps Max Str= (6 *M/ 112) -6102

Compare the max. stress due to bending to the max. allowable stress
of that material:
18000 psi for S.St.
10000 psi for AL6061-T6
- The thickness in the design is adequate.

MICEsideSS



SHELL STRESS ANALYSIS
ASME Code Verfication Calculation- He Neck tube
For MICE TRACKER MAGNET SYSTEM

Date: July 7, 2006
l. Design Dimension:(inch) ID oD THICK LENGTH
He Neck Tube (304 S S){vent) 0.980 1.000 0.010 20.300
Cooler Neck Tube (4.2 K) 3.800 3.830 0.015 12.000
Cooler Neck Tube (77 K) 5.200 5.240 0.020 8.800
' Cooler Neck  |Cooler Neck
Il. Under External Pressure Neck Tube |[Tube Tube
{4.2 K) (77 K)
Material S, S.-304L S. S.-304L S.8.-304 L
Shell Thickness (in) { thic) S 0.010 0.010 0.010
Length (in) tigh) 20:300 12,000 8.800
Outside Diameter (in) (oD 1.000 3.830 5.240
Dft (D =00 / thi) 100.000 383.000 524.000
L/D fL=Igh/0D) 20.300 3.133 1.679
Factor A (UG0Q-28.0) {UGO) 0.00025 0.00025 0.00025
Factor B (UHA-28.1) (LIHA) 3500.00 3500.00 3500.00
Max. allowable P (psi) * wmaP 46.55 12.15 8.88
*MAP =133 *UHA/D
Actual Working P (psi) AWP 15.00 15.00 15.00
Circumf. Stress (psl) Cstress= AWP*0D/4/thik 375.00 1436.25 1965.00
Longitud. Stress (psi} Lstress= AWP*OD/2/thk 750.00 2872.50 3930.00 e
Cooler Neck Cooler Neck
Hl. Under Internal Pressure (Quench) |Tube Tube
He Neck Tube (4.2 K) {77 K)
Design Pres. (psi) DPres 45,00 45.00 45.00
Inside Radius (in) IR 0.980 3.800 5.200
Stress Limit {psi) SLid 17500.00 17500.00 17500.00
Joint Efficiency JE 0.70 0.70 0.70
Thickness Req. (in}) ThkR=DPres"IR/ASLtd*JE-0.67 0.004 0.014 0.019
Actural Design Thick(in) ADThk 0.010 0.015 0.020
Circumf. Stress (psl) Cstress=Dpres*2*IRM/ADT] 2205.00 5700.00 5850.00
Longitud. Stress (psi} Lstress=Dpres*2*R/Z/ADTH 4410.00 14700.00

11400.00

“FACTOR A IS INDEPENDENT OF MATERIAL

Note: Stress Limit=Yield Strength/S.F.=35000/2=17500psi
Ref.: Pressure Vessel Handbook, Eugene F. Megyasy, 1977

MICECRYOneckR




Appendix ITI-2-1

Engineering Design Drawing For

60 K Thermal Shield

{f;

)y Wang NMR Inc.
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* 550 North Canyons Parkway e Livermore, CA 94551
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